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(54) LITHOGRAPHY APPARATUS AND METHOD OF MANUFACTURING DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To enhance imaging 
performance of an apparatus which has a liquid filling 
a space between the final element of a projection 
system and a substrate. 

SOLUTION: A lithography apparatus and a method of 
manufacturing device use a liquid of a large index of 
refraction which fills at least a part of a imaging 
region between the final element of a projection lens 
and the substrate and is trapped in a liquid trap 13. 
Bubbles produced in the liquid, which is resulted from 
a dissolved atmosphere gas or is resulted from a gas 
discharged from the apparatus element exposed to 
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the liquid, are detected and removed so as to prevent the bubbles from interfering with the 
exposure and from causing a baking defect. The detection can be carried out by 
measuring the frequency dependence of damping of the ultrasonic wave. The bubbles can 
be removed through a process that the liquid is degased and pressurized, the liquid is 
isolated from the atmosphere, a liquid of low surface tension is used, a continuous liquid 
flow passing the imaging region, and a node of an ultrasonic stationary wave is shifted. 
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♦NOTICES* 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 
[Claim 1] 

The exposure system arranged so that a radiation beam may be supplied. 

The supporting structure constituted so that a pattern formation means to offer the radiation beam 
which it is possible to give a pattem to the cross section of said radiation beam, and therefore carried 
out pattem formation may be supported, 
The substrate table constituted so that a substrate may be held. 

The projection system arranged so that said radiation beam which carried out pattem formation may 
be projected on the target part of said substrate. 

It is lithography projection equipment equipped with the liquid distribution system constituted so 
that a part of space [ at least ] between the definitive element of said projection system and said 
substrate may be filled up with a liquid, 

It is lithography projection equipment characterized by equipping said liquid distribution system 
with a cellular reduction means, and equipping said cellular reduction means with a cellular 
detection means further. 
[Claim 2] 

Lithography projection equipment according to claim 1 with which said cellular detection means is 
equipped with at least one ultrasonic transducer, and attenuation of the supersonic wave in said 
hquid is measxired by said converter in order to acquire the information about the air bubbles which 
exist in said liquid. 
[Claim 3] 

Lithography projection equipment according to claim 2 with which said ultrasonic transducer 
measures attenuation of a supersonic wave as a function of a firequency. 
[Claim 4] 

Lithography projection equipment given in any 1 term to claims 1-3 which said cellular reduction 
means equips with a cellular removal means. 
[Claim 5] 

It is lithography projection equipment according to claim 4 which said cellular removal means is 
equipped with a deaerator, and said deaerator is equipped v^th an isolated room, and the space of the 
liquid upper part in said isolated room is maintained by the pressure lower than atmospheric 
pressure, and promotes that the gas which dissolved before escapes firom a solution, comes out, and 
is pumped out. 
[Claim 6] 

Lithography projection equipment according to claim 4 or 5 which supplies a continuous liquid flow 
on said definitive element of said projection system, and said substrate in order that said cellular 
removal means may convey the air bubbles in said liquid outside said space between said definitive 
element of said projection system, and said substrate. 
[Claim 7] 

Lithography projection equipment given in any 1 term of said claim which said cellular reduction 
means equips with the liquid pressurizer which pressurizes said hquid rather than atmospheric 
pressure at high pressure in order to promote that minimize the magnitude of air bubbles and cellular 
formation gas dissolves into said liquid. 
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[Claim 8] 

Lithography projection equipment given in any 1 term of said claim chosen so that it may have 
surface tension with the presentation of said liquid smaller than water. 

[Claim 9] 

Lithography projection equipment given in any 1 term of said claim in which said cellular reduction 
means processes it before said liquid is supplied to it by said space between said definitive element 
of said projection system, and said substrate. 
[Claim 10] 

Lithography projection equipment according to claim 9 with which it is held in the container with 
which the closure of said processed liquid was carried out, and the surplus space in said closure 
container is filled up with one or more of nitrogen gas, argon gas, gaseous helixmi, or a vacuimi. 
[Claim 11] 

It is lithography projection equipment according to claim 2 or 3 which operates so that the 
supersonic wave decreased while spreading in accordance with the path which an ultrasonic 
transducer is arranged with a pulse echo configuration, and said converter transmits a supersonic 
wave, and passes said liquid after reflection may be received. 
[Claim 12] 

It is lithography projection equipment according to claim 2 or 3 which receives the supersonic wave 
decreased while spreading the 2nd converter in accordance with the path which passes said liquid 
between said two converters by equipping said cellular detection means with two ultrasonic 
transducers isolated spatially, and the 1st converter transmitting a supersonic wave. 
[Claim 13] 

Said cellular removal means contains two ultrasonic transducers which is arranged so that the 
ultrasonic stationary wave form which confines air bubbles in the interior of a nodal zone may be 
generated inside said liquid and which were isolated spatially. They are claims 4 and 5 which carry 
out space migration of the air bubbles with which said phase adjustment means was shut up a nodal 
zone and into it by arranging said cellular removal means so that said air bubbles may be displaced 
by using a phase a:djustment means to coordinate with said converter, or lithography projection 
equipment given in 6. 
[Claim 14] 

They are claims 4, 5, and 6 to which said electric field can push away the air bubbles adhering to 
said substrate by equipping said cellular removal means with the electric-field generator for 
impressing electric field to said liquid, or lithography projection equipment given in 13. 
[Claim 15] 

Claims 4, 5, 6, and 13 equipped with an altemative heater for said cellular removal means to control 
temperature alternatively, ttierefore control the magnitude of the air bubbles of a specific 
presentation altematively, or lithography projection equipment given in 14. 
[Claim 16] 

Lithography projection equipment according to claim 15 with which said altemative heater is 
equipped witii the source of microwave. 
[Claim 17] 

Claims 4, 5, 6, 13, and 14 which said cellular removal means equips with the particle input unit for 
introducing a particle into said liquid, and the particle stripper for removing said particle from said 
Uquid, or lithography projection equipment given in 15. 
[Claim 18] 

Lithography projection equipment [ equipped with the front face which has the description with 
which said particle promotes adhesion of air bubbles ] according to claim 17. 
[Claim 19] 

Said cellular detection means is equipped with the light source, a photodetector, and an optical 
comparator. Said light source and said photodetector It is arranged so that the light emitted according 
to said light source may pass said some of liquids and may spread between said Ught sources and 
said detectors. Said comparator Lithography projection equipment given in any 1 term of said claim 
arranged so that change of the ratio of said synchrotron orbital radiation which reaches said detector 
after passing and spreading said some of liquids may be detected. 
[Claim 20] 
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The radiation system arranged so that a radiation beam may be suppUed, 

The supporting structure constituted so that a pattern formation means to offer the radiation beam 
which it is possible to give a pattern to the cross section of said radiation beam, and therefore carried 
out pattem formation may be supported. 
The substrate table constituted so that a substrate may be held. 

The projection system arranged so that said radiation beam which carried out pattem formation may 

be projected on the target part of said substrate, 

It is lithography projection equipment equipped with the liquid distribution system constituted so 
that a part of space [ at least ] between the definitive element of said projection system and said 
substrate may be filled up with a liquid, 

It has fiirther the detection system arranged so that the impurity containing the light source, a 
photodetector, and an optical comparator in said liquid may be detected. Said light source and said 
photodetector It is arranged so that the light emitted according to said light source may pass said 
some of liquids and may spread between said light sources and said detectors. Said comparator 
Lithography projection equipment characterized by being arranged so that change of the ratio of said 
synchrotron orbital radiation which reaches said detector may be detected, after passing and 
spreading said some of liquids. 
[Claim 21] 

Lithography projection equipment according to claim 20 with which said detection system is 
arranged so that the particle in said definitive element of said projection system and said liquid 
between said substrates may be detected. 
[Claim 22] 

The process which at least a part provides with the substrate covered with the layer of a radiation 
induction ingredient. 

The process which supplies a radiation beam using an exposure system. 

The process which uses a pattem formation means to offer the radiation beam which gave the pattem 
to the cross section of said radiation beam, and therefore carried out pattem formation. 
The process which projects said radiation beam which carried out pattem formation on the target part 
of the layer of said radiation induction ingredient. 

It is the device manufacture approach including the process which offers the liquid distribution 
system constituted so that a part of space [ at least ] between said definitive element of said 
projection system and said substrate may be filled up with a liquid. 

The device manufacture approach characterized by including fiirther the process which detects and 
reduces the air bubbles in said liquid distribution system. 
[Claim 23], 

The exposure system arranged so that a radiation beam may be supplied. 

The supporting stracture constituted so that a pattem formation means to offer the radiation beam 
which it is possible to give a pattem to the cross section of said radiation beam, and therefore carried 
out pattem formation may be supported. 
The substrate table constituted so that a substrate may be held. 

The projection system arranged so that said radiation beam which carried out pattem formation may 
be projected on the target part of said substrate. 

It is litiiography projection equipment equipped with the liquid distribution system constituted so 
that a part of space [ at least ] between the definitive element of said projection system and said 
substrate may be filled up with a hquid. 

Lithography projection equipment characterized by choosing said suspended state when being 
measured, if said active state was chosen and liquid quality is less than the predetermined threshold 
condition when being measured, if it had fiirther the liquid quality monitor which can switch the 
operating state of said projection equipment between an active state and a suspended state and liquid 
quality has exceeded the predetermined threshold condition. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[Field of the Invention] 

[0001] 

This invention relates to lithography equipment and the device manufacture approach. 

[Background of the Invention] 

[0002] 

Lithography equipment is a machine which gives a desirable pattem on the target part of a substrate. 
Lithography equipment is usable to manufacture of an integrated circuit (IC). In that case, it is 
possible to create the circuit pattem corresponding to the individual layer of an integrated circuit 
using pattem formation means, such as a mask, and such a pattem can be further drawn on the target 
part (for example, some dies of one piece or some are included) on the substrate (for example, 
silicon wafer) which has the layer of a radiation induction ingredient (resist). Generally, a single 
substrate includes the network of the contiguity target part exposed continuously. The so-called 
stepper which irradiates a target part, respectively, and the so-called scanner wWch scans a pattem in 
the given direction (the "scan" direction) by the projection beam, and irradiates a target part, 
respectively by scanning a substrate to reverse parallel in parallel [ on the other hand, synclu-onize 
and ] with this direction are contained in the known lithography equipment by exposing the whole 
pattem on a target part for one attempt. 
[0003] 

Since it is filled up with the space between the definitive element of a projection system, and a 
substrate, it has been proposed that the substrate in lithography projection equipment is immersed 
into the liquid which has a big rejfractive index relatively, for example, water. Since exposure 
radiation has shorter wavelength in a liquid, this main point is being able to draw a smaller 
configuration configuration. (It is possible that the effectiveness of a liquid makes the effective 
numerical aperture of a system increase, and the depth of focus also increases it fiirther again.) Other 
immersion liquids have been proposed including a solid particulate, for example, the water made to 
**** Xtal to inside. 
[0004] 

However, soaking a substrate or a substrate, and a substrate table into a cistern (for example, 
referring to the U.S. Pat. No. 4,509,852 specification which incorporates the whole as reference here) 
means that a lot of liquids which must be accelerated at the time of scan exposvire exist. A motor 
more powerful than additional **** is required for this, and there is a possibility that the turbulent 
flow in a liquid may bring about the effect of needlessness and prediction impossible fiirther. 
[0005] 

One of the solutions proposed is related with the liquid distribution system for using a liquid ****** 
system, and boihng only the local field top of a substrate, and supplying a liqxiid into between the 
definitive element of a projection system, and a substrate (generally a substrate has bigger surface 
area than the definitive element of a projection system). Thus, in order to arrange, one proposed 
approach is indicated by the international public presentation/[ 99th ] No. 49504 pamphlet which 
incorporates the whole as reference here. It is removed by at least one exhaust port OUT, after a 
liquid is preferably suppUed by at least one inlet IN on a substrate along the migration direction of 
the substrate to a defiiiitive element and passes through the bottom of a projection system so that it 
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may illustrate to drawing 2 and 3 a. That is, when scanning a substrate in the direction of -X under an 
element, a liquid is supplied by the +X side of an element, and it removes by the -X side. Drawing 2 
is drawing showing typically flie arrangement removed by the another side side of an element by the 
exhaust port OUT which a liquid is supplied through Inlet IN and connects with the source of low 
voltage. Although a liquid is supplied along the migration direction of the substrate to a definitive 
element in instantiation of dravsdng 2 , this comes out so and a certain need is not. Then, although the 
various orientation and number of the inlet positioned around the definitive element and exhaust 
ports are possible and one example is shown in drawing 3, 4 sets of inlets which equip both sides 
with an exhaust port are prepared in the regular array to the perimeter of a definitive element. 
[0006] 

Another solution proposed prepares the closure member prolonged along a part of boundary [ at 
least ] of the space between the definitive element of a projection system, and a substrate table in a 
liquid distribution system. Such a solution is illustrated to drawing 3 b. This closure member is 
standing it still substantially to a projection system in XY flat surface, although some relative 
displacement may exist in a Z direction (in the direction of an optical axis). The closure is formed 
between a closure member and a substrate front face. As for this closure, it is desirable that it is the 
non-contact closure like a gas seal. The system which has such a gas seal is indicated by the Europe 
patent appUcation 03252955.No. 4 specification which incorporates the whole as reference here, 
[0007] 

On the Europe patent application 03257072,No. 3 specifications, the idea of a congruence stage or 2 
ream stage mold immersion lithography equipment is indicated. Two stages for supporting a 
substrate are established in such equipment. While performing level measurement using the stage in 
the 1st location where an inimersion liquid does not exist, exposure is performed using the stage in 
the 2nd location where an immersion liquid exists. As an exception method, equipment has only one 
stage. 
[0008] 

This invention is not limited, although it can apply to all of immersion lithography equipment and 

can apply to such an above-mentioned class especially. 

[0009] 

When compared with the system by which a liquid does not exist in an exposure radiation path, an 
unexpected fault arises from such a new technique, especially — an image — disagreeable ****** in 
which a liquid degrades image quality in respect of others altiiough resolution improves. 
[Description of the Invention] 
[Problem(s) to be Solved by the Invention] 
[0010] 

The purpose of this invention is raising the drawing engine performance of equipment of having the 
liquid filled up with the space between the definitive element of a projection system, and a substrate. 
[Means for Solving the Problem] 
[0011] 

If this invention is caused like 1 voice. 

The exposure system arranged so that a radiation beam may be supplied. 

The supporting structure constituted so that a pattern formation means to offer the radiation beam 
which it is possible to give a pattem to the cross section of a radiation beam, and therefore carried 
out pattem formation may be supported. 
The substrate table constituted so that a substrate may be held. 

The projection system arranged so that the radiation beam which carried out pattem formation may 
be projected on the target part of a substrate. 

Lithography equipment equipped with the liquid distribution system constituted so that a part of 
space [ at least ] between the definitive element of said projection system and said substrate may be 
filled up with a liquid is offered. 

Said liquid distribution system is equipped with a cellular reduction means, and said cellular 

reduction means is further equipped with a cellular detection means. 

[0012] 

It is recognized that the important cause of image degradation is dispersion of the drawing radiation 
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by the air bubbles in a liquid. By reducing the magnitude and the consistency of these air bubbles, it 
is possible to reduce distortion of the image which reaches such dispersion and the substrate 
accompanying it, and the frequency and magnitude of a defect in the pattern which was able to be 
bumed on the substrate by it are reduced. It is the type which it generates when the solution gas 
which air bubbles originate in atmospheric air, or originates in the gas-evolution element of 
lithography equipments, such as a photosensitive layer on a substrate, slips out of a solution by 
turbulence of a certain class. Thus, according to the liquid with which the formed air bubbles 
involve, a gas, and turbulence, the consistency of a number and distribution of magnitude change 
sharply. Very minute air bubbles are difficult to be hard to detect them and to remove them using a 
standard approach, and especially since they affect the image moreover formed on a substrate still, 
they tend to cause a problem. In the use in the situation of typical lithography equipment, the air 
bubbles with which a diameter becomes small to about lOnm continue deteriorating the engine 
performance, for example. If it has a cellular detection means, the feedback to this cellular detection 
means is attained, and can perform adjustment and optimization of a cellular reduction process. 
[0013] 

A cellular reduction means can be equipped with a cellular detection means. As for a cellular 
detection means, it is desirable to have one or more ultrasonic transducers. These converters emit a 
supersonic wave and receive the supersonic wave influenced by existence of the air bubbles in the 
liquid which them spread. The information about the magnitude of air bubbles and distribution of 
those number density is included in the information which an ultrasonic transducer brings about. 
[0014] 

An ultrasonic transducer can measure attenuation of ultrasonic wave as a function of a frequency 
again. The advantage of this technique is that the air bubbles which have a dimension far smaller 
than the wavelength of a supersonic wave are detectable, the magnitude as the wavelength of a 
supersonic wave with such measuring method same only by using only the amplitude of a signal — 
or it will be limited to larger air bubbles than it. 
[0015] 

Other descriptions are that a cellular reduction means is equipped with a cellular removal means. 
[0016] 

A cellular removal means can have a deaerator, this deaerator is equipped with an isolated room, the 
space of the liquid upper part in this isolated room is maintdned by the pressure lower than 
atmospheric pressure, and the gas which dissolved before promotes escaping from a solution, 
coming out and being pumped out. According to these degassing processes, generating of the air 
bubbles by the dissolution atmospheric gas which slips out of a solution decreases dramatically. As 
for after a degassing process, it is desirable to isolate a liquid from usual atmospheric air as much as 
possible. 
[0017] 

Other descriptions are supplying a continuous liquid flow on the definitive element of a projection 
system, and a substrate, in order that a cellular removal means may convey air bubbles on the outside 
of a drawing field. This process is effective for especially removing the gas originating in the gas- 
evolution element of lithography equipment. 
[0018] 

Furthermore, a cellular reduction means can pressurize a liquid rather than atmospheric pressure at 
high pressure, in order to promote that minimize the magnitude of air bubbles and cellular formation 
gas dissolves into a liquid. 
[0019] 

The presentation of a liquid can be chosen so that it may have surface tension smaller than water. As 
for this, air bubbles reduce the inclination for disagreeable ****** which especially harmfiil fear has 
and becomes active jamming of removal treatment, and air bubbles to adhere to a substrate to an 
image. The inclination for air bubbles to adhere to a substrate and other components can be reduced 
by controlling the surface finish in contact with an immersion liquid, or [ that especially surface 
finish is ground so that it may have the minimum surface roughness ] — or it is desirable for it to be 
arranged and to have a desirable characteristic length scale shorter than 0.5 micrometers. 
[0020] 
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A cellular reduction means can process a liquid, before it is introduced in the space between the 
definitive element of a projection system, and a substrate. The advantage of this technique is 
improvement in the requirements for space, and a design degree of freedom. These elements make 
processing of a lot of liquids easier, in order to use it, when liquids should be frequently exchanged 
in a circulation system in order to use it with two or more lithography equipments or. After 
processing can protect a liquid from atmospheric gas by putting only to gases, such as the nitrogen 
and the argon which are held vmder a vacuum and which are caused especially or are hard to dissolve 
in a liquid easily, or helium. 
[0021] 

The ultrasonic transducer of a cellular detection means can be arranged in the pulse echo 
configuration which receives the supersonic wave decreased by passing and spreading a liquid, after 
the same converter transmits a supersonic wave and is reflected by the boundary. The advantage of 
such arrangement is that the thing which the number of converters ends fewer and pass a liquid and 
for which a long signal path is arranged relatively is more easy. 
[0022] 

As an exception method, a cellular detection means can have two ultrasonic transducers isolated 
spatially, arranges the 1st converter to transmission of a supersonic wave, and arranges the 2nd 
converter to reception of a supersonic wave. The decode of a signal which received by the converter 
for reception is more easy for the advantage of this arrangement, and it is being able to make smaller 
further effect by the irregular loss of signal caused by the non-specular reflection by the boundary. 
[0023] 

A cellular removal means can be equipped with two ultrasonic transducers which has been arranged 
so that the stationary wave form of the supersonic wave which shuts up air bubbles in a nodal zone 
may be generated inside a liquid and which were isolated spatially optionally alternatively. A 
cellular removal means is arranged so that said air bubbles may be displaced by use of a phase 
adjustment means to coordinate with a converter, and a phase adjustment means carries out space 
migration of the air bubbles confined in a nodal zone and its interior. Air bubbles can be completely 
conveyed to one side a liquid pool using such an approach, and air bubbles can be isolated there, and 
it can remove from a system. 
[0024] 

As for an ultrasonic transducer, it is desirable that it can operate on a megasonic frequency (it is in a 
IMHz field). Some faults of the usual supersonic waves (low frequency), such as a collision (it is 
pushed away by the small particle and contamination of a liquid is brought about) with cavitation 
and the solid-state front face of air bubbles, are avoided by the megasonic wave. 
[0025] 

A cellular removal means can have an electric-field generator for impressing electric field to a liquid, 
and this electric field can push away the air bubbles adhering to the interface inside a liquid. When 
the interface in question is a substrate, especially since a possibility of the air bubbles adhering to 
this substrate being in the focus of lithography projection equipment, therefore distorting an image 
more severely has such a description, it is useful. The line of the sense of electric field can distort 
near the air bubbles which have the dielectric constant of a perimeter liquid, and a different dielectric 
constant. Distribution of electric field pulls apart air bubbles from a front face, and this example 
operates based on the ability to do the force so that the body of a liquid may be made to advance, 
while air bubbles approach an interface or it is in contact with it. If it advances into the body of a 
hquid, the harmful effect of the air bubbles exerted on image quality will become smaller, and will 
once become removable more easily. Even if this approach is the case where the front face to which 
air bubbles adhered is hydrophobicity, it can be applied, and the need of applying a hydrophilic coat 
special to a substrate is reduced. 
[0026] 

A cellular removal means can be equipped with the alternative heater for controlling temperature 
alternatively, therefore controlling the magnitude of air bubbles alternatively according to the 
presentation of air bubbles. It is possible by choosing so that only air bubbles may be heated and a 
surrounding liquid may not be heated to minimize imnecessary fluctuation of liquid temperature. If 
air bubbles raise those temperature, size will be expanded, therefore removal will become easier. An 
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alternative heater can be equipped with the source of microwave which operates on the frequency 
corresponding to the resonance frequency of the gas molecule (they are usually nitrogen and oxygen) 
which forms air bubbles. If the temperature sensitivity of the lithography equipment in a substrate 
field is given, compared with the case where this approach cannot but heat a liquid and air bubbles to 
coincidence, it v^U become possible to heat the gas in air bubbles more variously. Therefore, an 
efficient approach is acquired bigger energy than that for removing air bubbles from a liquid, and 
time. 
[0027] 

A cellular removal means can be equipped with the particle input unit for introducing a particle into 
a liquid, and the particle stripper for removing a particle from a liquid. When this approach chooses a 
particle so that conveniently [ another appearance ] so that highly [ the activity of a particle ] or, air 
bubbles operate based on the principle that there is an inclination to adhere to the front face of the 
particle which exists in a liquid. Cumulatively, a particle offers big surface area to a liquid, and the 
contact opportunity between a particle and air bubbles increases it by it. The front face in question 
can be equipped with the inner surface accompanying these holes when a particle is porosity, an 
outer surface and. Therefore, a porosity particle offers the big particle front face which contacts a 
liquid rather than a nonvesicular particle. This example is effective, especially when being arranged 
so that it may have the front face (namely, front face which has high surface energy to a liquid) 
which a particle ****s into a liquid. In the case of the liquid containing water, such a front face can 
be explained to be hydrophobicity. Since such arrangement operates so that the particle surface area 
to which air bubbles contact a liquid may be reduced, therefore it minimizes surface energy, it is 
convenient to adhesion of air bubbles. The electric attraction between air bubbles and a particle or 
other surface descriptions convenient to adhesion of air bubbles may exist. 
[0028] 

The air bubbles to which the particle adhered are removed from a liquid, when a particle stripper 
removes a particle from a liquid. A particle stripper can be equipped with a particle filter. Generally, 
the dimension of a particle is chosen so that it may be easy to remove them, and this approach offers 
an efficient means to remove even if it is even if very minute air bubbles. 
[0029] 

A cellular detection means can be equipped with the light source, a photodetector, and an optical 
comparator. The light source and a photodetector can be arranged so that the light emitted from the 
light source may pass some liquids and may spread between the light source and detectors, and after 
passing and spreading some liquids, the comparator is arranged so that change of the ratio of the 
synchrotron orbital radiation which reaches a detector may be detected. Dispersion of light will be 
caused if air bubbles exist in a liquid. According to arrangement of the light source and a detector, 
such dispersion can cause the increment or reduction of a signal detected with a detector, and can 
analyze it to give the information about the number of air bubbles. Even if the projection equipment 
of the advantage of such arrangement is among normal operation, it is that continuous action is 
possible. When air bubbles are generated, exposure can be interrupted until it is possible to detect 
them in an early phase and a liquid becomes clarification again. Therefore, this description 
minimizes loss of time amount, and reduces the quantity of the substrate of the poor exposure 
manufactured. 
[0030] 

If everything but this invention is caused like 1 voice. 

The exposure system arranged so that a radiation beam may be supplied, 

The supporting structure constituted so that a pattem formation means to offer the radiation beam 
which it is possible to give a pattem to the cross section of a radiation beam, and therefore carried 
out pattem formation may be supported, 
The substrate table constituted so that a substrate may be held. 

The projection system arranged so that the radiation beam which carried out pattem formation may 
be projected on the target part of a substrate, 

The liquid distribution system constituted so that a part of space [ at least ] between the definitive 

element of said projection system and said substrate may be filled up with a liquid, 

It has the detection system arranged so that the impurity containing the tight source, a photodetector. 
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and an optical comparator in said liquid may be detected. Said light source and said photodetector It 
is arranged so that the light emitted according to said hght source may pass said some of Uquids and 
may spread between said light sources and said detectors. Further said comparator After passing and 
spreading said some of liquids, the lithography projection equipment arranged so that change of the 
ratio of said synchrotron orbital radiation which reaches said detector may be detected is offered. 
[0031] 

A detection system can be arranged so that the particle in the definitive element of a projection 
system and the liquid between substrates may be detected. In order to control the optical property of 
a liquid and to raise the engine performance of lithography equipment, a particle can be introduced 
scrupulously. This is realizable by making the minute particle of Xtal **** jj^ ^j^g case, it can check 
that the particle exists by the desirable ratio using a detection system. Or there is a possibility that a 
harmftd particle like the particle which secedes from the front face in contact with an immersion 
liquid may advance into a system accidentally. In such a case, these particles are detected using a 
detection system, and an alarm procedure can be started when distribution of such grain density 
and/or magnitude exceeds a predetermined threshold. By the early detection in question (lack of a ** 
better particle or excess of the particle which is not desirable), it becomes possible to take correction 
measures quickly, and it helps to minimize loss of time amount, and loss of the ingredient 
accompanied by poor drawing. 
[0032] 

If everything but this invention is caused like 1 voice. 

The process which at least a part provides with the substrate covered with the layer of a radiation 
induction ingredient. 

The process which supplies a radiation beam using an exposure system. 

The process which uses a pattern formation means to offer the radiation beam which gave the pattem 
to the cross section of a radiation beam and therefore carried out pattem formation, 
The process which projects the radiation beam which carried out pattem formation on the target part 
of the layer of a radiation induction ingredient. 

The process which offers the liquid distribution system constituted so that a part of space [ at least ] 
between the definitive element of a projection system and said substrate may be filled up with a 
liquid. 

The device manufacture approach including the process which detects and reduces the air bubbles in 

said Uquid distribution system is offered. 

[0033] 

This invention is if others are further caused like 1 voice. 

The exposure system arranged so that a radiation beam may be supplied. 

The supporting stmcture constituted so that a pattem formation means to offer the radiation beam 
which it is possible to give a pattem to the cross section of a radiation beam, and therefore carried 
out pattem formation may be supported, 
The substrate table constituted so that a substrate may be held. 

The projection system arranged so that the radiation beam which carried out pattem formation may 
be projected on the target part of a substrate. 

The liquid distribution system constituted so that a part of space [ at least ] between the definitive 
element of said projection system and said substrate may be filled up with a liquid. 
If said active state was chosen and liquid quality is less than the predetermined threshold condition, 
when being measured, if it had the liquid quality monitor which can switch the operating state of 
projection equipment between an active state and a suspended state and liquid quality has exceeded 
the predetermined threshold condition, when being measured, the lithography projection equipment 
which chooses said suspended state is offered. 
[0034] 

According to such a description, early detection of a defect is attained and the time amoxmt by 
exposure [ fault substrate ] and unnecessary loss of an ingredient are avoided. A predetermined 
threshold can be based on parameters, such as threshold value to the magnitude of air bubbles and/or 
a number of distribution which are detected by the cellular detection means. As an exception 
method, a predetermined threshold may be related with the magnitude of other particles in a liquid. 
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and/or the threshold value to distribution of a number. 

[0035] 

Although it may mention specifically using lithography equipment in manufacture of an integrated 
circuit in the text, please understand that there may be other applications like **, such as induction 
for an integrated optics system and magnetic domain stores and a detection pattern, a liquid crystal 
display (LCD), and the thin film magnetic head, in the Uthography equipment explained to this 
specification. In the context of the application by such exception method, it will be understood by 
this contractor that it can be considered that each use of vocabulary called a 'Vafer" or a "die" of this 
specification is synonymous with vocabulary called "a more general substrate" or more general 
"target part" respectively, the substrate which makes reference on these specifications — before 
exposure - or in a truck (a means to apply the layer of a resist to a substrate typically, and to develop 
a resist [ finishing / exposure ]), measurement, or an inspection means, it can process later. If 
application is possible, the indication of this invention is applicable to such a means and other 
substrate processing means. Furthermore, in order to create a multilayer integrated circuit so that the 
substrate which has already contained the layer which carried out multiple-times processing using 
vocabulary called the substrate used for this specification may also be pointed out for example, it is 
possible to process a substrate twice or more. 
[0036] 

When calling it a "supersonic wave" or an "ultrasonic soimd", as long as there is no special 
reference, this should interpret it as the thing about the acoustic wave in the frequency of bigger 
arbitration than the upjper limit of a human acoustic sense (that is, it exceeds 20kHz). 
[0037] 

Vocabulary called "radiation" and the "beam" which are used for this specification includes all the 
classes of electromagnetic radiation including ultraviolet-rays (UV) radiation (for example, it has 
365, 248, 193, 157, or the wavelength of 126nm). 
[0038] 

In order to create a pattern in the target part of a substrate, and to give a pattern to the cross section 
of a projection beam, he should understand the vocabulary a "pattem formation means" to use it on 
these specifications, in the thing and wide sense which point out an usable means. The pattem given 
to the projection beam should care about a certain thing, also when you do not correspond to the 
desirable pattem in the target part of a substrate strictly. Generally, the pattem given to the projection 
beam will correspond to the specific stratum fimctionale in a device like an integrated circuit 
currently created in the target part. 
[0039] 

A pattem formation nieans may be a transparency mold or a reflective mold. A mask, programmable 
Miller Alley, and a programmable LCD panel are contained in the example of a pattem formation 
means. With lithography, it is known well and, as for a mask, not only the class of masks, such as a 
binary mold and altemation phase shift mold and an attenuation phase shift mold, but the class of 
various compound-die masks is included. In the one example of progranraiable Miller Alley, matrix 
arrangement of small Miller is used, since the radiation beam which carries out incidence is reflected 
in the different direction, each Miller of the array can incline according to an individual, and pattem 
formation of the beam reflected by such method is carried out. In each example of a pattem 
formation means, although the supporting structure may be a stand or a table, if needed, fixed or 
working is possible for it, and it can secure a pattem formation means in a desirable location for 
example, to a projection system, for example. It can be considered that each use of vocabulary called 
a "reticle" or a "mask" of this specification is synonymous with the vocabulary more general "pattem 
formation means." 
[0040] 

the exposure radiation for which the vocabulary the "projection system" used on these specifications 
is used, including dioptric system, catoptric system, and cata-dioptric system - or please interpret 
use of an immersion liquid, or vacuous use in the thing and wide sense which include the projection 
system of suitable various classes for other elements. It can be considered that each use of the 
vocabulary the "lens" of this specification is synonymous with vocabulary called more common 
"proj ection system. " 
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[0041] 

A dioptrics element, a reflected light study element, and a reflective refraction element are included, 
it should be interpreted by the thing and wide sense which include the optical element of various 
classes for guiding, fabricating or controlling the projection beam of radiation, and, below, an 
exposure system can also call such an optical element a "lens" collectively or independently. 
[0042] 

Lithography equipment may be a class which has a substrate table (and/or, two or more mask tables) 
more than two (2 ream stage). By such "multiple-string stage" machine, a reserve process can be 
performed for an additional table on one or more tables, and one or more of other tables can be used 
for exposure on the other hand. 
[0043] 

Here, with reference to an attached mimetic diagram, the example of this invention is explained only 

as instantiation. 

[Example] 

[0044] 

The part to which a corresponding reference mark corresponds by a diagram is pointed out. 

[0045] 

"Example 1" 

Drawing 1 shows typically the lithography equipment according to one specific example of this 
invention. This equipment. 

The exposure system IL for supplying the projection beam PB of radiation (for example, ultraviolet 
radiation or far-ultraviolet-rays radiation) (exposure machine) 

The 1st supporting structure MT connected with the 1st positioning means PM for supporting the 
pattern formation means (for example, mask) MA, and positioning a pattem formation means 
correctly to Element PL (for example, mask table) 

the substrate table (for example, wafer table) WT connected with the 2nd positioning means PW for 
holding Substrate (for example, resist spreading wafer) W, and positioixing a substrate correctly to 
Element PL — and 

It has the projection system (for example, refraction projection lens) PL for drawing the pattem 
given to the projection beam PB by the pattem formation means MA on the target part C of Substrate 
W (for example, one piece or two or more dies being included). 
[0046] 

This equipment is a transparency mold as shown in this drawing (for example, a transparency mold 
mask is used.). As an exception method, this equipment may be a reflective mold (for example, 
programmable Miller Alley of the class which made reference in the top is used.). 
[0047] 

The exposure machine IL receives the beam of radiation from the radiation source SO. The radiation 
source and lithography equipment may be the independent elements of another object, for example, 
when this radiation source is an excimer laser. In such a case, it is not considered that the radiation 
source is what constitutes some lithography equipments, but a radiation beam is sent to the exposure 
machine IL by assistance of the beam sending-out system BD equipped with suitable induction 
Miller and/or a beam dilator, for example from the radiation source SO. In other case, when the 
radiation source is a mercury lamp, the radiation source may be the one part of this equipment, for 
example. The radiation source SO and the exposure machine IL can be called a radiation system with 
the beam sending-out system BD (if required). 
[0048] 

The exposxire machine IL can be eqviipped with the adjustment device AM for adjusting the angle 
intensity distribution of a beam. Generally, even if there are little intensity distribution within the 
pupil flat surface of an exposure machine, a circumradius and/or the inradius range (it is usually 
called sigma circxmiradius and sigma inradius, respectively) can be adjusted. Furthermore, the 
exposure machine IL is equipped with other components with various Integrators IN, substage 
condensers CO, etc. An exposure machine is called the projection beam PB and supplies the 
condition beam of the radiation which has desirable homogeneity and intensity distribution to the 
cross section. 
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[0049] 

Incidence of the projection beam PB is carried out on the mask MA currently held on the mask table 
MT. The projection beam PB passes the lens PL which focuses this beam on the target part C of 
Substrate W, after intersecting Mask MA. In order to position a different target part C in the path of 
Beam PB, for example by assistance which is the 2nd positioning means PW and position-sensor IF 
(for example, interference pattem component), the substrate table WT is correctly movable, after 
similarly using the 1st positioning means PM and the position sensor (this is not specified by 
drawing 1 ) of an exception, for example, taking out mechanically from a mask library. Mask MA 
can be correctly positioned to the path of Beam PB at the time of a scan. Generally, migration of the 
body tables MT and WT will be performed by assistance of the long stroke module (rough 
positioning) which constitutes a part of positioning means PM and PW, and a short stroke module 
(detailed positioning). However, in the case of a stepper, (scanner of coimecting difference) and the 
mask table MT only with a short stroke actuator is also good, or you may fix. Alignment is possible 
for Mask MA and Substrate W using the mask-alignment indicators Ml and M2 and the substrate 
alignment indicators PI and P2. 
[0050] 

The equipment of illustration can be used by the following desirable method, namely 

1. By the step method, while projecting the whole pattem given to the projection beam on the target 
part C for one attempt, essentially hold the mask table MT and the substrate table WT to a quiescent 
state (namely, single static exposure). Subsequently, the substrate table WT is moved in the direction 
of X, and/or the direction of Y so that a different target part C can be exposed. By the step method, 
the greatest magnitude of an exposure field limits the magnitude of the target part C drawn by single 
static exposure. 

2. In a scanning mode, while projecting the pattem given to the projection beam on the target part C, 
scan the mask table MT and the substrate table WT synchronously (namely, single dynamic 
exposure). The rate and direction of the substrate table WT over the mask table MT are decided by 
the dilation ratio (contraction/) and the image reversal description of the projection system PL. In a 
scanning mode, the migration die length of a scan determines the height (it can set to a scanning 
direction) of a target part to the greatest magnitude of an exposure field limiting the width of face (it 
being able to set to a non-scanning direction) of the target part in single dynamic exposure. 

3. By another method, while projecting the pattem given to the projection beam on the target part C, 
keep the mask table MT essential to a quiescent state, and hold a programmable pattem formation 
means, and move or scan the substrate table WT. a pattem formation means programmable [ using 
the pulse radiation source generally by this method ] — after each migration of the substrate table 
WT — or it updates if needed in the intervals of the continuous radiation pulse at the time of a scan. 
Such a method of operation is easily applicable to the mask loess Uthography using programmable 
pattem formation means, such as programmable Miller Alley of the class which made reference in 
the top. 

[0051] 

It is also possible to use the combination about the method used explained above and/, 

transformation, or completely different method used. 

[0052] 

Dravying 2 , and 3a and 3b are drawings showing the liquid distribution system by one example of 
this invention, and were explained in the top. Other liquid distribution systems can be used according 
to the example of this invention including the cistern and closure member which were explained not 
in limitation but in the top. 
[0053] 

Drawing 4 is drawing showing the liquid distribution system 1 and the cellular reduction means 
3a/3b by one example of this invention, these cellular reduction means 3a/3b ~ directly imder [ of a 
projection lens ] — or (3a) it can be located on the outside of a drawing shaft (3b). The liquid 
distribution system 1 supplies a liquid to eye 13 a liquid pool between the projection lens PL and 
Wafer W. Although this liquid is chosen so that it may have a big refractive index preferably more 
substantially than 1, that semantics can resolve a configuration configuration with the wavelength of 
a projection beam smaller [ that it can be / direction / short, therefore can set in a liquid ] than the 
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inside of air or a vacuum. The resolution of a projection system is divided and being decided by the 
wavelength of a projection beam and numerical aperture of a system is known well. Moreover, it is 
thought by existence of a liquid that effective numerical aperture increases. 
[0054] 

If the liquid is put to atmospheric air, a part of atmospheric gas may dissolve into a liquid. If a liquid 
is disturbed (by a certain cause), there may be a possibility of causing formation of air bubbles, and 
the air bubbles of that may be very detailed according to the liquid which involves, a gas, and 
turbulence. Although detailed air bubbles are very difficult to detect using a standard approach if a 
diameter becomes small to about lOnm, they still block the drawing engine performance of exposure 
radiation, and distort an image, therefore cause the baking defect on a wafer. Air bubbles have a 
possibility of advancing into eye 13 a liquid pool by the gas evolution fi-om such lithography vessel 
internals again, when the photosensitive layer on Substrate W is exposed. 
[0055] 

A part of eye [ at least ] this liquid pool touches the closure member 17 and boundary which are 
positioned under the definitive element of the projection lens PL, and enclose it. Attaining this 
closure member 17 to the upper part more slightly than the definitive element of the projection lens 
PL, the level of a liquid becomes higher than the lower limit of the definitive element of the 
projection lens PL. It has the internal periphery which the upper limit serves as strictly a stage of a 
projection system, or its definitive element with a ** form, for example, the closure member 17 is 
circular, and is obtained. Although an intemal periphery is a ** form at the pars basilaris ossis 
occipitalis as strictly as the configuration of a drawing field, for example, a rectangle, it is good in 
the configuration of arbitration. 
[0056] 

It is prepared in the gap of a between imder a pressure at the closure soma material 17 and Substrate 
W, and a liquid can be confined in eye a liquid pool between the closure member 17 and Wafer W 
with the non-contact closure objects 16, such as a gas seal formed by the same gas which does not 
dissolve easily into gas, for example, nitrogen, an argon, helium, or liquid. Optionally alternatively, 
in order to maintain a liquid in the pressurization condition, a liquid is shut up between the closxire 
member 17 and the projection lens PL by the closure member 14. As an exception method, it is 
possible to omit the closure member 14, and a liquid is shut up with gravity. 
[0057] 

The cellular reduction means 3 can be equipped with a cellular removal means. Although drawing 4 
is drawing showing one mode of a cellular removal means, it pours a liquid continuously and passes 
the projection lens PL and Substrate W. Such actuation is effective for especially carrying away air 
bubbles firom the gas produced in the Uquid pool 13 interior, for example, the gas which occurs by 
the gas evolution from Substrate W. A liquid is introduced into eye 13 a liquid pool through the 
passage 23 where at least the part is formed in the closure member 17. The passage which can be 
constituted from an exhaust port in the gas for supplying the non-contact closure object 16 and/or the 
inlet list for liquids, and collaboration are possible for such passage 23. For example, a liquid can be 
arranged so that gas exhaust may absorb from the latest liqxiid pool field of the non-contact closure 
object 16 and continuous flow may be sent out. 
[0058] 

The cellular reduction means 3 can be equipped with the cellular detection means 4. Drawing 5 is 
drawing showing two kinds of arrangement of the ultrasonic transducers 5a/5b in the cellular 
detection means 4. In the detection principle used on these specifications, the amplitude of a 
supersonic wave declines for Rayleigh scattering from the air bubbles in liquid. This attenuation of 
ultrasonic wave is the fimction of distribution of the magnitude of air bubbles, and the consistency 
(nzimely, number per unit volume) of a number. With the left figure, after an ultrasonic transducer 
emits a pulse, and the pulse passes an immersion liquid and being reflected from the boundary of the 
Uquid pool interior (eye 13 a liquid pool or other eyes a liquid pool with the some outside of for 
example, a drawing shaft), it is received by the same converter 5a. Such arrangement of converter 5a 
is known as "pulse echo" arrangement. Such pulse echo arrangement is [ that what is necessary is to 
need only single converter 5a ] easy to have a still bigger propagation path between discharge and 
detection, and since it therefore helps the maximization of sensibility to air bubbles, it is effective. 
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However, there is a possibility of irregular reflection occurring and causing loss of a signal. Since to 
wait for the return of a pulse is required before emitting another pulse, a sampling rate may also be 
limited. This problem is solvable, if converter 5a is arranged so that radiation and a receipt can be 
performed in parallel. One arrangement by the exception method which uses two converter 5b whose 
each is exclusively for radiation of a supersonic wave or a receipt is shown in the right-hand side of 
drawing 5 . It is possible to emit a series of pulses quickly in this arrangement, and since an acoustic 
wave pulse moves directly further between converter 5b, this arrangement does not wear an irregular 
reflection effect. 
[0059] 

Attenuation is measured as a function of a frequency, in order to detect air bubbles far smaller than 
the wavelength of an ultrasonic signal. This can be performed using a broadband converter and 
excitation, if attenuation is measured only on a single frequency — the magnitude of extent as the 
wavelength of an acoustic wave signal with the same detection ~ or it is limited to the air bubbles 
which have a larger diameter than it. 
[0060] 

Although drawing 6 is drawing showing one another mode of the cellular removal means by one 
example of this invention, two ultrasonic transducer 5c which operates with a signal generator 9 and 
the phase which shifted to mutual with the phase accommodation means 8 is arranged so that the 
stationary wave form 6 may be generated in the liquid between the front faces of converter 5c. 
Although drawing 6 shows the stationary wave which consisted of sine waves in which it interferes, 
this stationary wave may be the periodic gestalt (for example, a square wave or a saw tooth wave) of 
arbitration. The above figure expresses the arrangement in the 1st moment, and the following figure 
shows the same arrangement in a subsequent moment. The air bubbles (for example, 2) which exist 
in a liquid tend to be localized by about seven nodal zone of a stationary wave 6. The phase 
adjustment means 8 acts so that an arrow head 25 may show, and the location of a knot may be 
moved toward two one side or another side of ultrasonic transducer 5c. The shut-up air bubbles 2 
move together with migration of the knot which goes to the converter 5c concemed, therefore are 
conveyed at the edge of eye a Uquid pool. In drawing 6 , the variation rate of the sample air bubbles 
2 with which such migration was shut up toward left-hand side so that an arrow head 26 might show 
is shown by the displaced perpendicular broken line which penetrates the core of the shut-up air 
bubbles 2, when [ two ] continuous. Once the air bubbles of a fixed consistency are accumulated 
near [ one ] the converter 5c, the liquid in this field can be separated, and it can remove from eye a 
liquid pool, and air bubbles can be carried together with a liquid. 
[0061] 

[ whether the supersonic wave currently explained to the Europe patent application 03253694,No. 8 
specification which incorporates the whole as reference here is used for a cellular removal means, 
and ] Or it can operate using the higher frequency known as a megasonic wave (about IMHz) which 
avoids some faults (there is a possibility of the cellular collision with cavitation and a wall being 
caused, and a small particle breaking from a wall, falling, and polluting a liquid) of the conventional 
supersonic wave based on the same principle. Even if it is the case where the supersonic wave of a 
lower frequency is used as an exception method, ultrasonic energy can be controlled and the 
probability or extent of cellular cavitation can be reduced. Furthermore, use a supersonic wave, 
smaller air bubbles are made to coalesce, and it goes up more quickly, therefore can also be more 
easily made removable bigger air bubbles. Other cellular reduction means are possible what [ not 
only ] is explained to the above-mentioned Europe patent application specification possible but by 
removing a liquid by low solubility gas like helium, using the thin film probably combined with 
******. In fields, such as micro electronics, medicine manufacture, and a power application, in the 
gas, the thin film is already used, in order to remove gas from a liquid. A liquid is pumped up 
through the bundle of thin film tubing of half-porosity. The size arrangement of the gas which the 
hole of a thin film should remove although a liquid cannot pass it is carried out so that it can pass, 
and the ingredient is chosen. Therefore, degassing of the liquid is carried out. This process is 
accelerable by impressing a low pressure to the outside of tubing. Celgard of U.S. North Carolina 
Charlotte Liqui-Cel(trademark) Membrane available from Membrana-Charlotte which is one 
operation division of an Inc. company Contractors is suitable for such an application. 
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[0062] 

The removal by low solubility gas is a known technique which is applied to the high performance 
chromatography, in order to prevent eye cellular ****** in a reciprocating-pump head. When 
extracting low solubility gas from the whole liquid, it drives out other gas, such as a carbon dioxide 
and oxygen, 
[0063] 

Drawing 7 shows the deaerator 10 of a cellular removal means to follow one example of this 
invention. This deaerator 10 is equipped with the isolated room 1 1 in which the liquid which should 
be carried out degassing is held. A deaerator 10 extracts gas from an isolated room 1 1, and is fiirther 
equipped with the pimip 12 arranged so that a low voltage condition may finally be realized inside. 
In order to prevent ebullition, it is desirable to choose the minimxmi pressure so that it may become 
larger than the maximum vapor tension of the liquid currently used (for example, being a room 
temperature with water about 23mb). Once it will be in a low voltage condition, the gas dissolved 
into the liquid will secede from a solution, and will be drawn up with a pump 12. Such a process can 
be promoted by raising the temperature of a liquid. For example, typically, if it operates between 40 
degrees C and 50 degrees C, a degassing rate will become quick about 10 times. If a degassing 
process is completed (i.e., if it becomes impossible to extract from a liquid the gas which dissolved 
more than it), an isolated room 1 1 is isolable by closing the door 15 located above a liquid. A liquid 
should be maintained at the isolation condition from atmospheric air until it is moved into eye 13 a 
liquid pool, in order to use it. A liquid can be held imder the gas which is imder a vacuum or is hard 
to dissolve in liquids, such as nitrogen, an argon, or helium. 
[0064] 

Drawdng 8 is drawing showing the liquid pressurizer 22 by one example of this invention which 
plays the role which pressurizes the liquid of eye a liquid pool rather than atmospheric pressure at 
hi^ pressure. It has the effectiveness which promotes that a high pressure minimizes the magnitude 
of air bubbles, and air bubbles dissolve it into a liquid. The equipment shown in drawing 8 consists 
of a piston 19 and an inner hole 21 . A liquid will be pressurized if a piston is pushed in into an inner 
hole. The valve 18 is provided in the lower limit of this equipment so that a liquid can be transported 
into the liquid distribution system 1 . The pressure gage 20 equipped with an insurance bio woff valve 
for the monitor purpose is formed. 
[0065] 

As shown in drawing 4 , the cellular reduction means 3 can be equipped with the element of the 
interior 13 a liquid pool and the outside of eye 13 a liquid pool (please refer to 3a and 3b of drawing 
4 , respectively.). The advantage which has an element on the outside of the exposure space 13 is 
that technical requirements, such as an amount of available space or a permissible level of vibration 
and heat leakage, are eased considerably. Not only the design cost of a processing element falls, but 
the possibility of extensive processing opens by this. It becomes possible to prepare a Uquid for a 
single station to use it with some lithography equipments by such extensive processing, or it also 
becomes possible to supply a lot of condition liquid for the system or liquid with which continuous 
liquid throughput exists to use it by the system exchanged frequently. 
[0066] 

A cellular reduction means 3 by which it is located in the interior 13 a liquid pool is effective for 
especially management of the air bubbles generated unescapable in the interior 13 a liquid pool by a 
gas evolution etc. 
[0067] 

The presentation of a liquid is selectable so that it may have surface tension smaller than water. 
Although the inclination (it is rapid by especially small air bubbles) for air bubbles to adhere to a 
substrate falls by this, such air bubbles especially have a possibility of damaging an image, and may 
block removal treatment. This is realizable by adding to a liquid the component which chooses the 
pure liquid which has smaller surface tension and for which it is especially based or surface tension 
of a liquid like a surfactant is reduced. 
[0068] 

Especially since the air bubbles adhering to the front face of Substrate W have them near the focus of 
projection equipment, they are harmfiil. Therefore, an image tends to receive the serious distortion 
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by diffraction. One example of this invention offers a means to remove such air bubbles and the air 
bubbles which more generally adhered to the interface of the arbitration inside an immersion liquid. 
Although such an example is illustrated to drawing 9 , it is related with removing air bubbles from 
Substrate W in this case. In this example, two electrodes 27a and 27b are arranged in the field 
between the definitive element of the projection system PL, and Substrate W, and each is connected 
to the terminal of a power source 28. It is also possible to use some existing equipments as an 
electrode as an exception method. For example. Substrate W can form one electrode in cooperation 
with the 2nd electrode like 27a. If such arrangement is energized, to the shaft of the projection lens 
PL, it will be substantially parallel and the uniform electric field prolonged to the liquid field close to 
a target interface will be generated. Air bubbles have a different dielectric constant from the 
dielectric constant of a perimeter liquid, therefore distort the line of the sense of the electric field in 
the perimeter field of air bubbles. When air bubbles approach interfaces, such as a substrate (W), it is 
possible to distort the line of the sense of electric field so that air bubbles may receive the force, the 
line of such sense of electric field can be guided so that it may separate from the front face 
concerned, air bubbles can be made to be able to transform, finally it can release from a front face, 
and the body of a liquid can be made to advance. In the situation of drawing 9 , the magnitude of 
electric field can be arranged so that the pressure which joins air bubbles with the liquid located 
above air bubbles, and the force in which the others produced from factors, such as surface tension, 
counter may be overcome. In the one desirable example, the potential difference between Electrodes 
27a and 27b is 100 direct current voltage. However, the combination of the source of altemating 
voltage or the source of altemating voltage, and direct current voltage supply is usable. A decisive 
parameter is field strength and it is influenced by the magnitude of the potential difference, and inter- 
electrpde separation. Furthermore, the non-homogeneity electric field of orientation which reaches 
and is different are also effective, and it obtains. The front face of Substrate W is hydrophobicity, 
and this approach transforms air bubbles, and even if it is a time of the big energy barrier 
accompanying separating it from a front face existing, it is applicable. This mecms that there is 
already no need of processing the front face specially by applying a hydrophilic coat to Substrate W 
etc. 
[0069] 

It is necessary to take the trouble on some designs into consideration. The conductivity of a liquid 
should be controlled carefiiUy. Since generating of electric field v^U become difficult especially if 
conductivity is too high, it is required not to be too high. For example, the water which has the 
resistivity of about 0.8 to 18.2 MOhm*cm can be used. Moreover, in order to prevent electrolysis 
and disassembly of the subsequent matter, as for Electrodes 27a and 27b, being protected from 
decomposition by the isolator 29 is desirable. The conductivity and/or the dielectric constant itself of 
an electrode must be high compared with an immersion liquid. One result [ according to / this ] is 
that descent to the extent that it accepts to the potential inside conductor material certainly does not 
arise, and can help generating of inter-electrode uniform electric field by it. 
[0070] 

It turns out that the electric force can cause adhesion between air bubbles and the solid particulate 
distributed in liquid again. The air bubbles in liquid have the electrokinetic potential (namely, F- 
potential) which brings about the potential difference between the ion sets (ionic concentration) 
which carried out fiill dissociation in the cellular front face and the body of a liquid on those front 
faces. This corresponds also to a small particle. 
[0071] 

According to one example of this invention, potential can be impressed to one or more bodies of 
immersion equipment using a power source or the electrical-potential-difference power source V 
(namely, the generator or source of supply of a charge, an electrical potential difference, electric 
field, or the potential difference). Although the potential difference v^U be generated between the ion 
sets and bodies in which the liquid carried out fUU dissociation if repulsive force is required for the 
principle of operation, the potential difference is the same polarity as the potential difference 
between the ion sets which carried out fixU dissociation and the cellular front faces in the body of a 
liquid. If attraction is required between a body and air bubbles, the potential difference should have 
the same polarity. Thus, the force can be generated to air bubbles so that it may separate from it 
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toward the body (electrode) in contact with an immersion liquid. 

[0072] 

In drawing 10 , the body with which some differ has the potential or the charge impressed to them, 
such [ this example ] one body ~ or other bodies to the body which operates with the combination of 
objective arbitration and is not actually illustrated are usable as an exception method similarly. 
[0073] 

Although it is the most promising candidate for using it as an immersion liquid on the projection 
beam wavelength of 1 93nm with pure water, the surface potential of micrometer air bubbles is 
[ about ]. -It tums out that it is 50mV. This potential changes with magnitude of air bubbles, and 
changes also with classes of immersion liquid. However, to other immersion liquids and the 
magnitude of air bubbles, the same principle as what is explained on these specifications is usable, 
and can apply this invention to them completely. An additive can be added to an immersion liquid 
and the effectiveness of potential can also be changed. He is the candidate of the additive with 
suitable calcium chloride or sodium chloride for this purpose. 
[0074] 

In drawing 10 , six different bodies are illustrated and potential, an electrical potential difference, or 
a charge can be impressed to them. As for these bodies, it is desirable that it is in contact with the 
immersion liquid. However, the need does not exist theoretically. One of the bodies of these is 
Substrate W, and it is desirable that the electric charge of the potential of a cellular front face and the 
same polar potential is carried out to this substrate W. Thus, air bubbles require the force directly 
pulled apart from Substrate W to it, and the effect of air bubbles to the projected image minimizes 
them. Independently, the potential of a cellular front face can carry out the electric charge of the 
body 50 close to the definitive element of a projection system, or the definitive element of the 
projection system PL to potential with an opposite polarity, combining the electronegative potential 
on Substrate W. This will draw air bubbles toward the definitive element of a projection system, and 
will have the effectiveness pulled apart from a substrate by it. The configuration of the body 50 
(electrode) close to the definitive element of the projection system PL is good in the configuration of 
arbitration. Tabular is sufficient as it, or annular is sufficient as it so that the projection beam PB may 
pass through the core of an electrode 50. 
[0075] 

It is also possible to adhere the body which should have the electrical potential difference which 
should be carried out an electric charge, and by which the **** seal of approval was carried out as 
an exception method to the front face of the closure member 17. In drawing 10 , these bodies are 
adhered to the internal surface of the closure member 17. Two electrodes 52 and 54 are located in the 
both sides of a barrier member, respectively, and the electric charge is carried out to opposite 
potential so that it may illustrate. Probably by this method, air bubbles can be drawn in the direction 
of a ****** exhaust port on the body of one side or another side. One or more bodies by which the 
electric charge is carried out to the potential which has a different polarity from the polarity of the 
potential of a cellular front face as an exception method may be prepared on the outskirts of the 
inside of the closure member 17 (it is in contact with the immersion liquid). By this method, the 
definitive element of the projection system PL and the air bubbles in the immersion liquid in the 
space 36 between Substrates W are pulled apart from the optical axis of equipment, and the path of 
the projection beam PB of resulting in Substrate W by it is made not to be blocked by air bubbles 
remarkably. 
[0076] 

Another part which should use this example is the upstream of the space 36 between the definitive 
elements of the projection system PL and Substrates W in a liquid distribution system. In this case, it 
is effective for pulling apart air bubbles from a substrate in the distance more nearly further than the 
case where air bubbles are pulled apart from Substrate W without impressing electric field to the 
upstream of space 36, when an immersion liquid has this force in space 36, although the plates 62 
and 64 which an electric charge will be carried out on the contrary, and will counter if an immersion 
Uquid flows through a housing 58 along with a condxxit 56 generate the force to air bubbles. The 
immersion liquid which has the air bubbles of high density, i.e., the immersion liquid of the electrode 
64 neighborhood, can be removed, and space 36 is not supplied. The removed liquid can receive 
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cellular removal processing, before being reused within a liquid distribution system. 
[0077] 

In all the above examples, as the electrical potential difference impressed by the voltage generator V 
is high, the force over air bubbles becomes larger so much. Although potential on a body should not 
be made so high that dissociation of an immersion liquid is caused, this invention should make it 
high to sufficient extent to apply the force to air bubbles so that effectively. In the immersion Uquid 
which mainly consists of water, from 5mV, the typical potential difference impressed to a body 
according to this example is 5V, and is lOmV to 500mV preferably. 500mV [ 5mV/mm by 
impression of potential to //mm ] electric field are recommended. 
[0078] 

Drawing 1 1 is drawing showing one example of a cellular removal means by which the advantage of 
the cellular elimination factor raised sharply, without being accompanied by too much effect to an 
immersion liquid is acquired. Improvement in an elimination factor is realized by heating and 
increasing the magnitude of the air bubbles in an immersion liquid. If the magnitude of air bubbles 
increases, the responsibility will become high to almost all the cellular removal approach. This is 
realized by the immersion liquid itself by use of the source 30 of microwave radiation which 
generates the radiation which is not combined, without being accompanied by the inconvenient 
heating effectiveness into a component sensitive to an immersion liquid or ambient temperature, 
although it combines only with tiie gas in the air bubbles itself. Although a and b of drawing 1 1 are 
the typical enlarged drawing showing an immersion liquid, they illustrate the method of actuation of 
this process. The microwave photon 32 is absorbed by cellular 31a of instantiation at temperature 
Tl, subsequently is heated, and is set to bigger cellular 3 lb at temperature T2. Once the temperature 
of air bubbles rises rather than the temperature of a surrounding immersion liquid, the rise of some of 
immersion liquid temperature will arise unescapable immediately near each air bubbles. However, it 
is expected that the simi total heat capacity of air bubbles and the thermal conductivity of an 
immersion liquid are so small that they can maintain heating of an immersion liquid in a tolerance 
limit. Generally, the frequency component of microwave radiation is chosen so that it may 
correspond to the resonance frequency or excitation mode of chemical species which exists in air 
bubbles. The big fractions of the gas which forms air bubbles are nitrogen and oxygen, and, in the 
case of target many, the frequency of the microwave which should be used by the resonance mode of 
these molecules is specified in that case. 
[0079] 

Drawing 12 is drawing showing one example by the exception method of a cellular removal means. 
In this drawing, the particle which the particle input imit 33 commits so that air bubbles may be 
drawn on a front face is introduced into an immersion liquid. These particles are mixable with an 
immersion liquid with natural distribution or intentional stirring. These particles can be left in an 
immersion liquid over the period determined according to the consistency of air bubbles. For 
example, if the consistency of air bubbles is very high, a particle needs to be in a saturation state 
quickly and it is necessary to renew it after a short time relatively. On the other hand, if a cellular 
consistency is low, a particle can stop at far long time amount and an active state. Once it is less than 
a threshold level with a cellular fixed consistency as the activity of a particle, or an exception 
method, a particle is removable from a liquid with the particle stripper 34. This particle stripper can 
be equipped for example, with a particle filter. According to the example of drawing 1 1 , it is 
combined with passage 23, in order for the particle input unit 33 and tiie particle stripper 34 to pass 
through a field 36 and to circulate an immersion liquid by the circuit which arrow heads 37 and 38 
show. As an arrow head 38 shows, the circuit concemed is closed, or as an arrow head 37 shows, it 
can also include the input and output to a main circuit or other soiurces of water supply. A used 
particle can be processed with the particle regenerative apparatus 35, and air bubbles can be removed 
from a particle. Such a degassing process is realizable with the pumping for example, to a particle 
content solution, or the direct pimiping to the particle itself. Subsequentiy, in order that a beautifiil 
particle can be reintroduced into an immersion liquid and these particles may catch air bubbles in an 
immersion liquid again with the particle input unit 33, it will work effectively. 
[0080] 

Preferably, in order to reduce the surface energy of air bubbles, a particle is arranged so that it may 
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have the surface description to which it urges that air bubbles adhere to a front face. Furthermore, it 
is also desirable to arrange so that it may have the biggest possible surface area. This is reaUzable 
with use of a perforated particle so that air bubbles can adhere on the front face of the inside inside a 
particle. Generally, such a parameter can be changed by controlling the magnitude of a particle, 
distribution of a number, and the porosity of a particle. So big additional surface area may be 
equipped so that a hole becomes minute, but since these holes except bigger air bubbles compared 
with the air bubbles or hole which is comparable magnitude (a hole may be closed by such air 
bubbles), it may be necessary to take balance of the magnitude of a hole. Many various particle 
constituents, for example, a silica, a zeolite, an alumina, activated carbon, or a carbon molecular 
sieve can be used. Some polymer constituents are also usable. Although the magnitude of a particle 
is an element (comparing with surface area) with a lower significance, the range of typical 
magnitude is good from the diameter of 5 micrometers at 1000 micrometers. 
[0081] 

In both drawing 12 , the particle input unit 33 and the particle stripper 34 are located in the outside of 
a field 36. However, these components can also be arranged so that a direct particle may be added 
and removed inside this field. 
[0082] 

On the other hand, law is sometimes performing ultrasonic stirring combining the liquid by the 
exception method which introduces a particle into a liquid by which degassing's is not carried out. A 
particle is emitted by the cavitation of air bubbles firom the solid-state front face put to the liquid. 
[0083] 

Drawing 13 is the typical sectional view showing the lithography projection equipment between 
Mask MA and Substrate W. This drawing shows some possible examples of this invention arranged 
so that a cellular detection means or a detection system may spread light between the light source 39 
and a detector 40. Existence of air bubbles (in the case of a cellular detection system) or a particle (in 
the case of a detection system) is checked by the change in the luminous intensity which reaches a 
detector 40 produced by the light scattered about from the air bubbles or particle inside a liquid. 
Although drawing 13 shows one possible arrangement, the light source 39 is arranged so that a beam 
of light may be guided into an immersion liquid through an optical fiber 41. Light will be scattered 
about by them, if a liquid is passed through and spread and air bubbles or a particle exists. Although 
an arrow head 42 shows the instantiation path of a scattered-light line, it tums out that it passes 
through a projection lens system and spreads to a detector 40. Preferably, wavelength is chosen as a 
photoresist did not respond to light. Drawing 14 and 15 are the enlarged drawings showing a 
substrate field, and show how light is sent out into an immersion liquid. In drawing 14 , after an 
optical fiber 41 penetrates and lets out the closure member 17 and reflects directly or several times, it 
advances into a field 36. Drawing 15 shows one arrangement by the exception method which 
introduces light between Substrate W and the closure member 17. In drav^ng 14 and 15, light enters 
from single direction and it is indicated that it crosses a field 36 horizontally (arrow heads 43a and 
43b), However, light can be sent out in a liquid from the direction of arbitration, and various paths 
equipped with the path containing 1 or two or more reflected rays from the definitive element and/or 
Substrate W of the projection system PL can be taken. According to the example shown by 15 from 
drawing 13 , when dispersion increases on the whole, the signal strength detected with a 
photodetector increases as the consistency of air bubbles or a particle increases in a liquid. However, 
if dispersion increases, the light source 39 and a detector 40 can be arranged so that reduction of the 
signal strength which reaches a detector 40 may be brought about. As other deformation, an optical 
fiber 41 can connect with both the source of an exposure, and a detector, and existence of air bubbles 
or a particle is detected by change of the quantity of light which is reflected and returns into an 
optical fiber 41. 
[0084] 

Although the arrangement illustrated by 15 fix>m drawing 13 may generally be explained to be 
optical SUKYA taro meter, it has continuous and the advantage which makes un-destructive 
monitoring possible of the air bubbles in an immersion liquid, or the consistency of a particle. 
Although drawing 16 illustrates typically how this arrangement can be realized, the light source 39 
and a detector 40 have coordinated it with the optical comparator 44. This optical comparator 44 
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compares the signal level which reaches the light which the light source 39 emitted, and a detector 
40, and measures the air bubbles which exist in an immersion liquid, or the information about the 
number of a particle according to arrangement of the light source and a detector. 
[0085] 

Although the optical comparator 44 can be coordinated also with the liquid quality monitor 45, it is 
reaUzable by computer programmed appropriately. In order to guarantee that the image quality 
drawn by Substrate W does not deteriorate below the minimum threshold level, this liquid quality 
monitor 45 can be arranged as a liquid is certainly in an always suitable cleanliness level. In addition 
to the consistency of air bubbles or a particle, the liquid quality monitor 45 can take other elements, 
such as liquid chemical composition, into consideration. Subsequently, it is possible to connect the 
liquid quality monitor 45 to an alarm system 46, and when the condition of an immersion liquid 
becomes out of range [ a predetermined parameter ], this system stops a system, and is made into a 
suspended state from operating state, or performs other suitable actuation. Thus, by reacting to the 
problem in a liquid early, quick activation of suitable actuation can be attained and loss of the 
ingredient and time amount accompanying the crude exposure produced by the inmiersion liquid of 
low quality can also be made into ttie minimum. 
[0086] 

The drawing engine performance of a lithography system can receive a bad influence (for example, 
generating of the stray light) also with the dirt on the bottom surface part part of Lens PL again. Such 
contamination may include formation of the salt which mainly originates in oxides, such as a 
chemical of a resist, i.e., a silicon dioxide etc. Although contamination can be reduced by chemical 
washing, with the working hours of the operation hold which cost requires, and a maintenance staff, 
necessarily such processing is not restricted as it is completely effective, but has mechanical or the 
danger of damaging a lens. According to some examples of this invention explained in the top, one 
or more ultrasonic transducers are formed, and air bubbles are detected and removed from an 
inunersion liquid. Orientation can be carried out and these equipments can also be constituted again 
so that dirt may be removed from the definitive element of the projection lens PL, a substrate, or the 
wafer chuck W. Although drawing 17 shows one possible arrangement, the ultrasonic transducer 47 
has been arranged on the closure member 17, and it is directly connected with the definitive element 
of the projection lens PL, and the liquid between Substrates W. In order to make into the minimum 
the danger that the location of the lens itself will change at the time of W2ishing, a converter 47 can 
be mechanically separated from the closure member 17, or shockless engaging of clutch can be 
carried out to it at least. For example, it is also possible to arrange a converter 47 near it, without 
making the closure member 17 contact. As an exception method, when generating a RF, it is also 
possible to separate the equipment connection section of Lens PL mechanically. In the situation 
which washes a lens or a wafer chuck, the various high frequency generators which generate an 
immersion liquid and the resonating supersonic wave can be used. It can arrange so tiiat washing 
actuation of the lens by the supersonic wave and a wafer chuck can perform automatically and may 
actually repeat ON and OFF according to the rate of contamination. 
[0087] 

Although the specific example of this invention has been explained above, it will be understood that 

this invention can be carried out to another appearance with explanation. This specification does not 

tend to limit this invention. 

[Brief Description of the Drawings] 

[0088] 

[Drawing 1] It is drawing showing the lithography projection equipment according to one example 
of this invention. 

[Drawing 2] It is drawing showing the liquid distribution system for supplying a liquid to the field of 
the circumference of the defmitive element of a projection system according to one example of this 
invention. 

[Drawing 3 a] It is drawing showing arrangement of the inlet of the liquid distribution system of 
drawing 2 and exhaust port of the circimiference of the definitive element of the projection system 
according to one example of this invention. 

[Drawing 3 b] It is drawing showing the closure member according to one example of this invention. 



http://www4.ipdLncipi.go.jp/cgi-bin/tran_web_cgi_ejje 8/1 6/2006 



JP,2005-005713,A [DETAILED DESCRIPTION] 



Page 18 of 19 



[Drawing 4] It is drawing showing the liquid distribution system which has a cellular reduction 
means to follow one example of this invention. 

[Drawing 5] It is drawing showing two kinds of arrangement in which the ultrasonic transducer in a 
cellular detection means to follow two examples of this invention is possible. 
[Drawing 6] It is drawing showing the ultrasonic transducer in a cellular removal means to follow 
one example of invention, and arrangement of a stationary wave. 

[Drawing 7] It is drawing showing the deaerator according to one example of this invention. 
[Drawing 8] It is drawing showing the liquid pressurizer according to one example of this invention. 
[Drawing 9] It is drawing showing one example of a cellular removal means, and the electric-field 
generator relevant to one pair of protected electrodes is shown. 

[Drawing 10] What was illustrated to drawing 2 and 3 is drawing showing the example from which 

some of this inventions which have a different liquid distribution system differ. 

[Drawing 11] a and b are drawings showing one example of the cellular removal means arranged so 

that air bubbles may be altematively heated by the source of microwave radiation. 

[Drawing 12] It is drawing showing one example of a cellular removal means equipped with a 

particle input unit and a particle stripper. 

[Drawing 13] It is drawing showing one example of a cellular detection means, and the instantiation- 
orbit about the beam of the light which passes a projection lens and reaches a photodetector scattered 
on the light source and the photodetector, and the list from the path inside a liquid is shown. 
[Drawing 14] It is the enlarged drawing showing the substrate field of the arrangement shown in 
drawing 13 , and the place which introduces the light from the hght soxirce in the field between the 
definitive element of a projection lens and a substrate is illustrated according to the first example of 
the light source. 

[Drawing 15] Although it is the same Fig. as drawing 14 , it is drawing showing the place which 
introduces the light from the light source in the field between the definitive element of a projection 
lens, and a substrate according to the 2nd example of the light source. 

[Drawing 16] It is drawing showing one example of a cellular detection means equipped with the 

hght source, a detector, an optical comparator, a liquid quality monitor, and an alarm, 

[Drawing 17] It is drawing showing arrangement of the ultrasonic transducer in the field between the 

definitive element of the projection lens according to one example of this invention, and a substrate. 

[Description of Notations] 

[0089] 

AM Adj ustment device 

C Target part 

CO Substage condenser 

EL Exposure system (exposure machine) 

IN Integrator 

Ml, M2 Mask-alignment indicator 
MA Pattern formation means (mask) 
MT Mask table 

PI, P2 Substrate alignment indicator 

PB Projection beam 

PL Projection system (lens) 

V Electrical-potential-difference power source 

W Substrate 

WT Substrate table 

1 Liquid Distribution System 

2 Air Bubbles 

3a, 3b Cellular reduction means 

4 Cellular Detection 

5a, 5b, 5c Ultrasonic transducer 

6 Stationary Wave Form 

7 Nodal Zone of Stationary Wave Form 
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8 Phase Adjustment Means 

9 Signal Generator 
lODeaerator 

1 1 Isolated Room 

12 Pump 

13 Eye Liquid Pool 

14 Closure Member 

15 Door of Isolated Room 

16 Non-contact Closure Object 

17 Closure Object 

18 Valve 

19 Piston 

20 Pressure Gage 

21 Inner Hole 

22 Liquid Pressurizer 

23 Passage 

25 26 Arrow head 
27a, 27b Electrode 

28 Power Source 

29 Isolator 

30 Source of Microwave Radiation 
31a Air bubbles 

31b Bigger air bubbles 

32 Microwave Photon 

33 Particle Input Unit 

34 Particle Stripper 

35 Particle Regenerative Apparatus 

36 Field 

37 38 Circuit 

39 Light Source 

40 Photodetector 

41 Optical Fiber 

42 Path of Scattered-Light Line 
43a, 43b Arrow head 

44 Optical Comparator 

45 Liquid Quality Monitor 

46 Alarm System 

47 Ultrasonic Transducer 
50, 52, 54 Electrode 

56 Conduit 
58 Housing 

62 64 Plate of a housing 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 
[0088] 

[Drawing 1] It is drawing showing the lithography projection equipment according to one example 
of this invention. 

[Drawing 2] It is drawing showing the liquid distribution system for supplying a liquid to the field of 
the circumference of the definitive element of a projection system according to one example of this 
invention. 

[Drawing 3 a] It is drawing showing arrangement of the inlet of the liquid distribution system of 
drawing 2 and exhaust port of the circumference of the definitive element of the projection system 
according to one example of this invention. 

[Drawing 3 b] It is drawing showing the closure member according to one example of this invention. 

[Drawing 4] It is drawing showing the liquid distribution system which has a cellular reduction 
means to follow one example of this invention, 

[Drawing 5] It is drawing showing two kinds of arrangement in which the ultrasonic transducer in a 
cellular detection means to follow two examples of this invention is possible. 
[Drawing 6] It is drawing showing the ultrasonic transducer in a cellular removal means to follow 
one example of invention, and arrangement of a stationary wave. 

[Drawing 7] It is drawing showing the deaerator according to one example of this invention. 
[Drawing 8] It is drawing showing the liquid pressurizer according to one example of this invention. 
[Drawing 9] It is drawing showing one example of a cellular removal means, and the electric-field 
generator relevant to one pair of protected electrodes is shown. 

[Drawing 10] What was illustrated to drawing 2 and 3 is drawing showing the example from which 

some of this inventions which have a different liquid distribution system differ. 

[Drawing 11] a and b are drawings showing one example of the cellular removal means arranged so 

that air bubbles may be altematively heated by the source of microwave radiation. 

[Drawing 12] It is drawing showing one example of a cellular removal means equipped with a 

particle input imit and a particle stripper. 

[Drawing 13] It is drawing showing one example of a cellular detection means, and the instantiation- 
orbit about the beam of the light which passes a projection lens and reaches a photodetector scattered 
on the light source and the photodetector, and the list from the path inside a liquid is shown. 
[Drawing 14] It is the enlarged drawing showing the substrate field of the arrangement shown in 
drawing 13 , and the place which introduces the light from the light source in the field between the 
definitive element of a projection lens and a substrate is illustrated according to the first example of 
the light source. 

[Drawing 15] Although it is the same Fig. as drawing 14 , it is drawing showing the place which 
introduces the light from the light source in the field between the definitive element of a projection 
lens, and a substrate according to the 2nd example of the light source. 

[Drawing 16] It is drawing showing one example of a cellular detection means equipped with the 
light source, a detector, an optical comparator, a liquid quality monitor, and an alarm. 
[Drawing 17] It is drawing showing arrangement of the ultrasonic transducer in the field between the 
definitive element of the projection lens according to one example of this invention, and a substrate. 
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